Introduction
Primary biliary cirrhosis (PBC) is a slowly progressive, chronic liver disease characterized histologically by nonsuppurative destruction of intrahepatic bile duct epithelial cells and serologically by the presence of disease-specific antimitochondrial antibodies (AMAs) and antinuclear antibodies (ANA), targeting the sp100 and gp210 antigens [1] [2] [3] . Patients with PBC may suffer from various symptoms which can significantly impair health-related quality of life (HRQoL) [4] , including fatigue, pruritus, sleep disturbances, cognitive dysfunction, and mood disorders [5] .
The aetiology of PBC is poorly understood [6] , but environmental and genetic influences have been considered important for the pathogenesis of the disease [4, 5] . Previous genetic studies and recent genome wide association studies (GWAS) have identified a number of non-HLA susceptibility genes and emphasized the pathogenetic role of interleukin (IL)-12 and tumor necrosis factor (TNF) [7] [8] [9] [10] [11] [12] [13] [14] . However, very few of those studies associated gene polymorphisms with clinical and immunological features [15, 16] . Donaldson et al. [17] were unable to identify single nucleotide polymorphisms (SNPs) within cytotoxic T lymphocyte antigen-4 (CTLA4) as risk factors for PBC and also failed to find significant associations with clinical and histological features of the disease. However, these authors reported higher fatigue scores using the PBC-40 questionnaire in those PBC patients with the CTLA4 −319 T allele and the CTLA4 +49 AA genotype, suggesting that these alleles may be linked to the induction of fatigue rather than susceptibility to disease [17] . Akin to these reports, we have recently reported that rs2900180 and rs3761847 SNPs of TRAF1-C5 are similarly prevalent in patients with PBC and in healthy controls but are associated with a more frequent presence of PBC-specific gp210 autoantibodies [18] . Our data suggest that TRAF1-C5, an autoimmune disease risk locus, may participate in the loss of immunological tolerance to this nuclear complex protein in PBC [18] .
TNF receptor-associated factor-1 (TRAF1) and Complement 5 (C5) (TRAF1-C5) lie adjacent to one another on 9q33-34 chromosome and confer susceptibility to diseases such as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) [19] [20] [21] [22] . TRAF1 is associated with multiple TNFreceptor family members and controls cytokine signaling cross-talking, including that of TNF through the binding of adaptor proteins and protein kinases [23] , while C5 dysregulation leads to disorganized complement activation and overt autoimmune disease, including PBC [24] [25] [26] [27] [28] [29] .
In the present study, we have sought to assess whether the presence of rs2900180 and rs3761847 TRAF1 SNPs is associated with features related to HRQoL in patients with PBC. Our working hypothesis linking TRAF1-C5 with HRQoL features is based on experimental work performed in animal models, which have shown that chronic cholestasisassociated sickness behaviours may relate to enhanced interleukin 1 expression and recruitment of TNF -producing monocytes into the brain, possibly as the result of the activation of cerebral endothelium [30, 31] . TNF increase associates with malaise and mood disorders in patients with chronic fatigue syndrome, clearly underlying the important pathogenic role of this proinflammatory cytokine [32] [33] [34] . TRAF1 regulates CD40 and TNF transduction signaling and may play a role in cholestasis-induced sick behaviours mediated by TNF [30] [31] [32] [33] [34] [35] [36] . To this end, we have analyzed features of HRQoL and their association with TRAF1-C5 polymorphisms in a well-defined cohort of PBC patients.
Patients and Methods

Study
Group. This is a retrospective analysis of prospectively collected data that includes a homogenous cohort of 120 Polish patients with PBC consecutively seen in the Liver Unit and the Liver Out-Patient Clinic of our institution [18] . All patients met the criteria for the diagnosis of PBC according to the latest guidelines issued by the European Association for the Study of the Liver [37] . The clinical and laboratory characteristics of the patients are summarized in Table 1 PBC-27). The SF-36 is a widely used and validated generic HRQoL questionnaire, which includes 36 items divided into 8 scales. Scores can be obtained for each scale or can be aggregated into 2 summary scores, a mental component summary score and a physical component summary score. Scale scores range between 0 and 100, with the higher score indicating better HRQoL [38] .
PBC-40 is a disease-specific 40-item HRQoL questionnaire, designed for self-completion in patients with PBC. It consists of specific symptom domains (cognition, itch, fatigue, social and emotional, and other symptoms), marked with a 5-point scale (1 = never to 5 = always), with higher scores denoting greater symptoms impact and poorer quality of life [39] . PBC-27 is an alternative PBC-specific HRQoL questionnaire, developed as a simplification of the PBC-40 form. PBC-27 was shown to be equally effective in detecting the impact of PBC on HRQoL [40] . It contains 27 items grouped in 7 domains: other symptoms, dryness, itch, fatigue, cognitive, emotional, and social with the same 5-point scale of evaluation.
TRAF1-C5
Genotyping. Two TRAF1-C5 gene SNPs, rs2900180 and rs3761847, were analyzed, as previously described [18] . Briefly, DNA from peripheral blood mononuclear cells was isolated using the DNeasy Blood & Tissue Kit (Qiagen) [18] . Oligonucleotide primers and TaqMan 
Results
Significant negative associations between TT genotype of rs2900180 and 3 domains of SF-36 were found. These included vitality ( < 0.05), mental health ( < 0.05), and mental component summary score ( < 0.05). Also, subjects who were GG homozygotes of the rs3761847 had a significant impairment of social functioning ( < 0.01), significantly lower vitality ( < 0.05), mental health ( < 0.05), and mental component summary score ( < 0.05). These data are summarised in Table 2 .
No correlation was found between genotypes of both analyzed SNPs and any domains of PBC-40 and PBC-27 questionnaires. These data are shown in Tables 3 and 4 .
Allelic analysis demonstrated that T allele of rs2900180 and G allele of rs3761847 related to impaired mental health in several SF-36 items, including vitality ( < 0.05 and < 0.01), social functioning ( < 0.05 and < 0.05), mental health ( < 0.01 and < 0.05), and mental component summary score ( < 0.01 and < 0.05), respectively. These data are summarized in Table 5 .
No correlation was found between rs2900180 and rs3761847 gene polymorphisms and quality of life features using the PBC-40 and PBC-27 questionnaires. These data are shown in Tables 6 and 7 .
These results were independent of the stage of fibrosis, as the proportion of patients with liver cirrhosis was comparable amongst the groups under analysis. In TT homozygotes of rs2900180 there were 3 (23%) subjects with cirrhosis, as compared to 15 (29%) in AA homozygotes group ( = 0.87). Similarly in GG homozygotes of the rs3761847, there were 7 (30%) patients with cirrhosis as compared to 13 (32%) in CC homozygotes group ( = 0.81).
Discussion
In the present study we evaluated the association between TRAF1-C5 rs2900180 and rs3761847 polymorphisms and variables of HRQoL in a homogenous group of Caucasian patients with PBC [18] . Using both generic and diseasespecific HRQoL tools, we have been able to identify a clear relationship between the presence of the T allele of rs2900180 and the G allele of rs3761847 of TRAF1-C5 with impaired mental HRQoL, as measured by the SF-36 questionnaire. Our study shows that TRAF1-C5 may have clinical relevance for the identification of PBC patients with features of impaired well-being. TRAF1-C5 polymorphisms confer susceptibility to RA and SLE [20, 21, [41] [42] [43] [44] [45] [46] and have been shown to be prognosticators of the natural course of the disease [47] [48] [49] .
In our previous study, we found that rs2900180 and rs3761847 are similarly present in PBC and controls [18] . In that study, we were unable to identify any clinically meaningful association related to the presence of these polymorphisms, with the exception of an association with antigp210 antibody [18] , a prognostically relevant autoantibody marker of PBC [50] [51] [52] . Our findings relating TRAF-C5 polymorphisms with HRQoL are unrelated to the stage of fibrosis of the analyzed groups, further underlying the significance of the genetic associations with the features of impaired HRQoL. The exact role played by TRAF1-C5 and its strict association with sick behaviours is far from clear. TRAF1-C5 plays an important role in the homeostasis of TNF-, as well as a plethora of other cytokines with important proinflammatory actions [23, 35, 36] . Cholestatic disorders such as PBC are characterised by an imbalance of circulating pro-inflammatory and anti-inflammatory cytokines. This dysregulation may directly or indirectly influence sick behaviours, as the enhanced release of TNF-within the brain contributes to the development of mood disorders and mental sickness [30] [31] [32] [33] [34] [35] [36] . In an animal model of cholestasis, Kerfoot et al. [31] have demonstrated in an increased infiltration of monocytes producing TNF , which subsequently leads to further activation of resident brain macrophages able to produce TNF . Also, a fine Th1/Th2 immunity imbalance affects the IL-10/IL-12 regulatory circuit [14, 53, 54] and leads to over expression of IL-12 and TNF-cytokines in patients with chronic fatigue. An increase of circulating TNF-levels has been associated with significant fatigue in cholestatic patients with cancer [55] . Finally, work on animal models of chronic fatigue syndrome has also underlined the important pathogenic role of TRAF1-related cytokines, such as TNF [32, 34] . These findings warrant further investigation.
Several studies have shown that PBC is associated with impaired HRQoL. Poupon et al. [56] described a significant impairment of energy and emotional reactions in patients with PBC. Younossi et al. [57] found that in patients with PBC, physical component summary of SF-36 scores weas decreased, with a further decline as disease progressed. No other demographic and clinical parameters were associated with HRQoL. In that study, bodily pain, mental health and social functioning domains of SF-36 reached the highest scores, and physical component summary was lower than [58] . That study also showed significantly lower values of vitality and social functioning domains of SF-36 [58] . Sogolow et al. [59] studied 80 females with PBC and reported poorer HRQoL for the physical rather than for mental component summary. As well, the values for social functioning and mental health domains were significantly decreased in that study. A greater physical impairment of HRQoL in patients with PBC as compared to autoimmune hepatitis and hepatitis C was also reported by Tillmann et al. [60] . The reported data argue for extreme caution in interpreting results in the light of the weaknesses and the discrepancies noted. We have been unable to show any association between analysed polymorphisms and domains of PBC-specific questionnaires such as PBC-40 or PBC-27. These domains have been considered useful tools in the assessment of quality of life in PBC, and one would expect them to show correlations with the TRAF1-C5 polymorphisms. However, this has not been proven to be the case. We can only speculate that in this particular situation, domains of generic SF-36 may express those aspects of quality of life better. This topic needs external validation in greater numbers of patients.
In conclusion, we have provided evidence in support of the thesis that the genetic makeup of patients with PBC may influence features related to the quality of life associated with immune dysregulation. Whether these associations are epiphenomena or have true meaning in terms of the induction and the course of the disease will be investigated in the years to come.
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